INTRODUCTION
The electric dipole moment of a molecule is a physical quantity determined by the distribution of the electrons about the nuclei in the molecule. A kno~vl-edge of the dipole moments of a n~olecule makes i t possible to determine the electric dipole rotational transition probabilities. This information can be used to determine the concentrations of the molecules in stars, comets, etc., provided the appropriate rotational or microwave spectrum can be observed (see Weinreb et al. 1963 or Douglas and Elliot 1965) .
Until the present time, most of the work on the electric dipole nlonlents of molecules has been done by the techniques of capacitance ineasurements and microwave observations of the Stark effect (Townes and Schaxvlow 1955). These methods are limited to the ground states of quite stable n~olecules. Since most of the n~olecules observed in extraterrestrial sources are free radicals and often in a n excited state, n~easurements on the ground state of stable molecules are of little use to the astronomer. For this reason a study of the Stark effect on diatomic hydrides by optical methods was initiated.
I n an earlier paper (Phelps and Dalby 1965) the Stark effect on OH was presented. We present here the results of a sitnilar study on the NH nlolecule.
E X P E R I M E N T A L PROCEDURE
The following is a brief rCsum6 of the experimental procedure. For a more detailed account see Phelps and Dalby (1965) . In a Lo Surdo discharge most of the potential applied to the electrodes appears across the cathode dark space. Typical experimental parameters were: ammonia pressure between 0.2 and 2 mm of Hg, applied voltage between 3.5 and 4.5 kilovolts, and aluminium cathodes between 0.5 and 1 mrn in diameter. T h e maximuin electric field strength achieved was 111 000 volts per cm. The light froill the discharge tube was focused on the slit of a stigmatic grating spectrograph giving spectrograms of the 3 360 and 3 240 A bands of NH in third order and the hydrogen line H B in second order. The resolving power in third order was about 100 000.
Canadian Journal of Physics. Volume -13 (October. 1965) The electric field intensity n-as determined from the Stark splittings (corrected for second-order effects) of the Hg line (Condon and Shortley 1935) .
THE 3 360 A BAND The 3 360 A % band, A 311 -X 3Z-, is the strongest and probably the bestknou-n band of NH. Accurate rotational and lambda doubling constants for these states are available from the arork of Dixon (1959) .
The spectrograms of this band showed Stark splittings for the lines RQD1(0)l P2(2), and ?QZ3(O). Reliable data could be taken only from the RQ21(0) line since the other two were partially overlapped. The RQ21(0) line is shown in Figs. 1 and 2 . The Starlc splittings nleasured fro111 the undeviated component in c i~l -~ are given in Table I . All Stark splittings are ineasured a t the position of maximuill electric field. 
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D,iscuss,ion
The RQ21(0) line is the result of the transition 3111, J = 1 + 3Z-1 J = I.
The theory of the Stark effect on n~olecules (Phelps and Dalby 1965; Herzberg 1950; Penny 1931) predicts that the 3 2 -, J = 1 level is unaltered in first order and that the lanlbda doublet 3111, J = 1 is split according to the equation
In equation (I) Av is the energy change of the level in cm-'; A is the lambda doubling in cm-I; p is the electric dipole inonlent in volts-'; E is the electric field strength in volts per cm; and J, M , and Q are quantum numbers corresponding to the total angular n~o n~e n t u m , the component of J i n the direction of the field, and the angular momentum along the internuclear axis respectively.* In Table I Av is the displacement to the left and AV + A is the displaceinent to the right. *Equations (1) and (3) By using the data from exposures 2 and 20 we get for the lambda splitting of the 3111, J = 1 state, A = (0.63 f 0.02) cm-'. This value is in good agreement with the value 0.64 cm-l obtained by Dixon (1959). By using il = 0.63 cm-1 we can deduce a value of Av from the measured value of (Av + A). In Fig. 3 we plot the experimentally determined product, Av(Av + A), as a function of E2. Since J = 1, D = 1, and M = 1, the slope of this graph is p2/4 in volts-2. The value of p obtained by the least-squares fit is 
Corrections
As a result of spin uncoupling the 3111, J = 1 state is mixed with the 3110, J = 1 state. Because of this mixing, the value of Q and hence the apparent value of p in the 3111, J = 1 state is reduced. The corrected value of Q can be calculated from the matrix elements given by Hill and Van Vleck (1928) and was found to be 0~7347. The value of p for the A 311 state of NI-I is therefore p = (1.31 0.03) Debye.* Second-order effects in the 32-state are canceled because they shift all Stark components the same way. Second-order effects in the 3r11, J = 1 state are estimated to be 0.0025 cm-I and are negligible. deduction of the dipole moments of the two states is complicated by the fact that both the 'I1 and 'A states exhibit first-order Starlc effects. The rotational and lambda doubling data on the band are from Pearse (1934) .
Most of the spectrograins of this band mere talcen with HNP' I3 Polaroid ultraviolet polarizing filrn placed before the slit of the spectrograph so that the electric vector of the transmitted light was either parallel or perpendicular to the electric field in the discharge tube. The spectrograins of parallel polarized light ( A M = 0 transitions only) exhibited the folloxving Stark features: (1) the lines Q(2) and Q(3) split into symmetrical doublets; (2) the lambda doublets Q(4) and Q(5) came together and sometimes crossed over, depending on the strength of the electric field; (3) each of the lambda doublets Q(G) to Q(14) split into symmetrical doublets; (4) of the four components mentioned in (3), the inner two were the most intense; (5) the effect noted in (4) diminished as J increased; (6) the line P(2) split into a symmetrical triplet. The spectrograms talcen in perpendicularly polarized light showed the lines R(2), P(2), P(3), P(4) as synlmetrical doublets in the region of high field. T h e observed Stark splittings are given in Table I1 No.: P-3 P-4 P-5 P-6 P-8 P-12 E : 3 7 . 3 f 4 3 7 . 9 f 1 4 6 . 4 f 6 4 6 . 9 f 3 6 6 . 4 f 5
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Discussion
T h e first-order Stark splitting of a state for which f2 # 0 is given by and if ii = 0 this reduces toBy using equations ( 3 ) and ( 4 ) , we can predict the effect of the electric field on the various levels of the lTI and 'A states.* The levels of the l A state exhibit no lambda doubling (Pearse 1934) . Each of these levels mill, therefore, split into 2J + 1 doubly degenerate levels for which the interlevel separation \\.ill be a constant given by 2 p E / J ( J + I ) . Lambda doubling in the 'TI state (A = 0.0164 J ( J + 1 ) cm-I) makes the Stark effect more complicated than that for the l A state. For the electric field strengths used in this work the lambda doubling of the J = 1, 2, 3 levels is negligible coinpared to the Stark splitting. The maximum error in the dipole moment introduced by neglecting the lambda doubling of the J = 1 and 2 levels of the 'TI state is less than 0.2%.
For J > 5, the electric field will cause some mixing of the lambda components, but the energy change will be negligible. For J = 4 and 5, the Starlc energies are comparable to the lambda doubling energies. The theoretical relative intensities of the Stark components are given in Townes and Scha~vlolv (1955) . The Q (10) These limits will be used to obtain, unambiguously, accurate values for the dipole n~oments in both states from the observed splitting of low J lines.
Intensities and Relative Signs of p(a ] A ) and p(c 11)
T h e relative intensities of the components of the lines Q(6) to Q(14) indicate the relative signs of p(a ] A ) and p (c In).
Consider two levels represented by $1 and +2, where is the upper state. In the presence of a perturbation these levels will be mixed to form the states 
Evaluation of p ( a l A) and p (c ' I t )
T h e Starlc effect on lines Q(2) and P ( 2 ) which involve transitions between two states exhibiting first-order Stark effects can be determined from expression (4) together with the limits (5) and the Itnowledge that the two dipole moments have the same sign. The lines Q(2) and P ( 2 ) in parallel-polarized light then split as shown in Figs. 8 and 9 , where the total theoretical splittings are given by and Can. J. Phys. Downloaded from www.nrcresearchpress.com by UNIV MONCTON on 06/17/14
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By using the measured values of Av[Q(2)] and Av[P(2)] and assuming t h a t the inner components of Q(2) do not affect the measurements, we calculate from (6) and (7) T h e Stark effect on the other lines of low J is more colnplicated and it is not clear which of the several conlponents correspond to the observed lines. The data froin these lines are, however, in agreement with the values of , U ( C l n ) and ,U(U lA) just given. Can. J. Phys. Downloaded from www.nrcresearchpress.com by UNIV MONCTON on 06/17/14
